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NOTICES 


When  Government  drawings,  specifications,  or  other  data  are  used 
for  any  purpose  other  than  in  conne  ction  with  a  definitely  related  Govern¬ 
ment  procurement  operation,  the  United  States  Government  thereby  in- 
cursnoresponsibility  nor  any  obligation  whatsoever;  and  the  fact  that 
the  Government  may  have  formulated,  furnished,  or  in  any  way  supplied 
the  said  drawings,  specifications,  or  other  data,  is  not  to  be  regarded 
by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or 
any  other  person  or  corporation, or  conveying  any  rights  or  permission 
to  manufacture,  use,  or  sell  any  patented  invention  that  may  in  anyway 
be  related  thereto. 

The  information  furnished  herewith  is  made  available  for  study 
upon  the  under  standing  that  the  Government’s  proprietary  interests  in 
and  relating  thereto  shall  not  be  impaired.  It  is  desired  that  the  Judge 
Advocate  (WCJ),  Wright  Air  Development  Center,  Wright-Patterson 
Air  Force  Base,  Ohio,  be  promptly  notified  of  any  apparent  conflict  be¬ 
tween  the  Government’s  proprietary  interests  and  those  of  others. 


FOMEiVOKD 


The  test  propellers  were  submitted  by  Nemeth  Aeronautical 
Laboratory,  Chicago ,  Illinois,  for  electric  motor  whirl  test 
by  Propeller  Laboratory,  Aeronautics  division,  bright  Air 
Development  -Pouter .  T)ic  test  propellers  were  the  property 
of  Flottorp  I-ianufacturing  Company,  Grand  Rapids,  ttichigan . 

The  vrhirl  test  program  ’,vao  completed  on  15  and  16  lay  1951, 
under  Research  and  Deyolopvient  Order  5^7— IJ.jJL,  M Propeller 
Aerodynamic  Analysis,"  thirl  Test  No*  2555*  15r*  Nathan  Showers 
was  the  project  engineer* 


'ADC  TR  52-190 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DDC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


WADC  TECHNICAL  REPORT  52-190 


ELECTRIC  MOTOR  WHIRL  TEST  OF  A  FLOTTORP  STANDARD  TWO-BLADE  PROPELLER 
AND  A  FLOTTORP  STANDARD  TWO-BLADE  PROPELLER 
INCORPORATING  NEMETH  MODIFIED  LEADING  EDGE 

(Whirl  Test  Ho.  2355) 


Nathan  Showers 
Propeller  Laboratory 


A ugust  1 952 


RDO  No,  ,587-141 


Wright  Air  Development  Center 
Air  Research  and  Development  Command 
United  States  Air  Force 
Wright-Patterson  Air  Force  Base,  Ohio 


ABSTRACT 


The  electric  motor  whirl  test  of  a  Flottorp  "staniard"  two  blale, 
six  ft.  diameter,  wood,  fixed-pitch  propeller  was  conducted.  An 
elect rio  motor  whirl  test  was  then  conducted  on  a  similar  "standard" 
Flottorp  propeller  that  had  boon  modified  along  the  loading  edge  by 
the  Nemeth  Aeronautical  Laboratory,  Chicago,  Illinois.  The  modifica¬ 
tion  consisted  of  a  scries  of  smooth  indentations,  in  wave  form.,  from 
about  the  0.3  radius  out  to  tho  tip  of  the  blade.  It  was  claimed  by 
Nemeth  Aeronautical  Laboratory  that  such  modifications  would  increase 
thrust  produced  at  any  given  horsepower  and  rprn.  condition. 


Test  data  are  presented  covering  static  calibration  of  the  two 
propellers  for  comparative  purposes.  Calibration  consisted  of  the 
measurement  of  the  values  of  the  thrust  produced  and  horsepower 
absorbed  at  various  rpm.  Results  of  the  tests  were  inconclusive. 
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imOEUCTIGN 


The  Nemeth  Aeronautical  Laboratory,  in  a  period  of  tisie  before  the  writing 
of  this  report,  had  boon  experimenting  -with  various  designs  of  propeller  blades 
in  an  attempt  to  improve  performance  of  propellers.  Their  experimentation 
consisted  of  systematically  reducing  the  length  of  the  chord  of  the  blades  at 
various  stations  along  the  radius  of  the  blade.  This  gave  a  navy  leading  edge 
plan form  to  the  blade. 

Nemeth  Aeronautical  Laboratory,  in  conference  rath  Propeller  Laboratory 
personnel,  did  not  give  any  sound  theoretical  reasoning  for  tho  improved 
performance  claimed  for  this  modification,  but  presented  data  on  similarly 
' modified  model  propellers.  Prom  their  work  vdth  models,  the  Nemeth  Aeronau¬ 
tical  Laboratory  concluded  that  such  edifications  non  Id  increase  the  thrust 
produced  at  any  given  horsepower  and  rpm  condition.  The  limited  facilities 
of  Nemeth  Aeronautical  Laboratory  prohibited  them  from  making  full  scale 
invest!  ration,  into  the  problem  and  th ey  appealed  to  Propeller  laboratory  to 
conduct  the  test  of  this  report  for  then.  Sufficient  authoritative  data  were 
presented  ly  Nemeth  Aeronautical  Laboratory  to  in<4icate  that  conduct  of  the 
test  program  would  be  of  advantage  to  the  Air  Force. 

PURPOSE  OF  TEST 

Tiie  purpose  of  this  test  was  to  obtain  the  static  calibration  cliaracter- 
4s tics  of  the  subject  propellers,  thus  determining  the  relative  value  of  the 
Nemeth  modifications. 

The  "standard"  Flottorp  propeller  vns  of  Design  il©.  ']2A ,-ljO,  Serial  No* 

S 0201.  Tiie  propeller  was  wood,  six  ft.  diameter,  fixed  pitch,  with  a  tapered 
square  tip  planform*  Tho  tip  and  outer  sire  in.  of  the  leading  edge  of  the 
blade  were  protected  by  a  metal  sheath.  This  propeller  is  illustrated  by 
Figures  1,  3*  and  5» 

The  second  test  propeller  was  a  similar  Flottorp  propeller  that  had  been 
modified  along  the  leading  edge  by  Nemeth  Aeronautical  laboratory.  The 
modifications  consisted  of  a  series  of  smooth  indentations,  in  wave  form, 
from  approximately  the  0.3  radius  out  to  tlie  tip  of  each  blade.  This  propel¬ 
ler  had  a  tapered  round  tip  planform  instead  of  the  tapered  square  tip  : 
planform  of  the  "standard"  Flottorp  propeller.  The  tip  and  outer  six  in. 
of  the  leading  edge  of  the  blade  were  protected  by  a  metal  sheath.  This 
I  Tope  Her  and  the  modified  leading  edge  are  illustrated  by  Figures  2,  ij.,  and  6. 

A  No.  37i4.5,  "0"  taper  hub  was  used  with  loth  propellers. 

HICCLDURS  OF  TEST 

The  subject  propellers  were  inspected  and  assembled  in  preparation  for 
whirl-  testing.  The  whirl  test  program  consisted  of  thrust,  horsepower  and  sound 
calibrations  at  selected  rpm.  Calibration  limits  wore  2C00  rpm  or  the  start  cf 
blade  flutter,  whichever  was  reached  first. 
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Calibration  Data  (First  linn) 
Flott'orp  "Standard”  Propeller 
Design  No.  T2k~)$  . 
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Sound  Level  at  various  rpm 
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Pig  3  -  Front  View  Close-Up  of  Blade  -  Flottorp  Standard  Propeller 


.ew  Close-Up  of  Blade  -  Flottorp  Standard  Prooeller 
rating  Nemeth  Modified  Leading  Sdge 


Fig  5  -  sage  View  of  Blade  -  Flotfcorp  Standard  Propell 
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NOTICES 


When  Government  drawings,  specifications,  or  other  data  are  used 
for  any  purpose  other  than  in  connection  with  a  definitely  related  Govern¬ 
ment  procurement  operation,  the  United  States  Government  thereby  in¬ 
cur  s  no  responsibility  nor  any  obligation  whatsoever;  and  the  fact  that 
the  Government  may  have  formulated,  furnished,  or  in  any  way  supplied 
the  said  drawings,  specifications,  or  other  data,  is  not  to  be  regarded 
by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or 
any  other  person  or  corporation, or  conveying  any  rights  or  permission 
to  manufacture,  use,  or  sell  any  patented  invention  that  may  in  anyway 
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FOREWORD 


The  test  propellers  were  submitted  by  ilenseth  Aeronautical 
Laboratory,  Chicago,  Illinois,  for  electric  motor  whirl  test 
by  Propeller  Laboratory,  Aeronautics  division,  bright  Air 
Development -Center .  The  test  propellers  were  the  property 
of  Flottorp  I'aaufacturing  Company,  Grand  Rapids,  Michigan. 

The  whirl  test  program  ;vas  completed  on  15  and  16  Lay  1951, 
under  Research  an ^Development  Order  5o7-U.il,  "Propeller 
Aerodynamic  Analysis,"  S9hirl  Test  No.  2555*  &r*  ifethan  Showers 
was  the  project  engineer. 


ABSTRACT 


The  electric  motor  whirl  test  of  a  Flottoro  "standard"  two  blaie 
six  ft.  diameter,  wood,  fixed-pitch  propeller  was  conducted.  An 
eloctric  motor  whirl  test  was  then  conducted  on  a ' similar  "standard" 
Elottorp  propeller  that  had  been  modified  along  the  loading  edge  by 
the  Nemeth  Aeronautical  Laboratory,  Chicago,  Illinois.  The  modifica¬ 
tion  consisted  of  a  series  of  smooth  indentations,  in  wave  form,  from 
about  the  0.3  radius  out  bo  the  tip  of  the  blade.  It  was  claimed  by 
Nemeth  Aeronautical  Laboratory  that  such  modifications  would  increase 
thrust  produced  at  any  given  ho rs epowe r  and  rpm  condition. 


Test  data  are  presented  covering  static  calibration  of  the  two 
propellers  for  comparative  purposes.  Calibration  consisted  of  the 
measurement  of  the  values  of  the  thrust  produced  and  horsepower 
absorbed  at  various  rpm.  Results  of  the  tests  were  inconclusive. 


PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved. 


Chief,  Propeller  Laboratory 
Directorate  of  Laboratories 
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INTROIXJ  CT"  ION 


The  Nemeth  Aeronautical  laboratory,  in  a  period  of  time  before  the  -writing 
of  this  report,  had  been  experiment  in  g  with  various  designs  of  propeller  blades 
in  an  attempt  to  improve  performance  of  propellers.  Their  experimentation 
consisted  of  systematically  reducing  the  length  of  the  chord  of  the  blades  at 
various  stations  along  the  radius  of  the  blade.  This  gave  a  wavy  leading  edge 
plan form  to  the  blade. 

Nemeth  Aeronautical  Laboratory,  in  conference  with  Propeller  Laboratory 
personnel,  did  not  give  any  sound  theoretical  reasoning  for  the  improved 
performance  claimed  for  this  modification,  but  presented  data  on  similarly 
modified  model  propellers «  From  their  work  -with  models,  the  Nemeth  Aeronau¬ 
tical  Laboratory  concluded  that  such  modifications  would  increase  the  thrust 
produced  at  any  given  horsepower  and  rpm  condition.  The  limited  facilities 
of  Nemeth  Aeronautical  Laboratory  prohibited  then  from  making  full  scale 
investigation  into  the  problem  and  they  appealed  to  Propeller  laboratory  to 
conduct  the  test  of  this  report  for  then.  Sufficient  authoritative  data  were 
presented  by  Nemeth  Aeronautical  Laboratory  to.' indicate  that  conduct  of  the 
test  program  would  be  of  advantage  to  the  Air  Force. 

PURPOSE  OF  TEST 

The  purpose  of  this  test  was  to  obtain  the  static  calibration  character¬ 
istics  of  the  subject  propellers,  thus  determining  the  relative  value  of  the 
Ne.aeth  modifications . 

The  "standard"  Flottorp  propeller  was  of  Design  I!©.  72A4$,  Serial  No. 
80231.  The  propeller  was  wood,  six  ft.  diameter,  fixed  pitch,  with  a  tapered 
square  tip  plan form.  The  tip  and  outer  six  in.  of  the  leading  edge  of  the 
blade  were  protected  by  a  metal  sheath.  This  propeller  is  illustrated  by 
Figures  1,  3}  and  5» 


The  second  test  propeller  was  a  similar  Flottorp  propeller  that  had  been 
modified  along  the  leading  edge  by  Nemeth  Aeronautical  laboratory.  The 
modifications  consisted  of  a  series  of  smooth  indentations,  in  wave  form, 
from  approximately  the  0.3  radius  out  to  the  tip  of  each  blade.  This  propel¬ 
ler  had  a  tapered  roiind  tip  plan  form  instead  of  the  tapered  square  tip 
planform  of  the  "standard"  Flottorp  propeller.  The  tip  and  outer  six  in. 
of  the  leading  edge  of  the  blade  were  protected  by  a  metal  sheath.  This 
Propeller  and  the  modified  leading  edge  are  illustrated  by  Figures  2,  Ij.,  and  6. 

A  No.  37h5>  ”0"  taper  hub  was  used  with  both  propellers. 

PROCEDURE  OF  TEST 

The  subject  propellers  were  inspected  and  assembled  in  preparation  for 
whir  1  testing.  The  whirl  test  program  consisted  of  thrust,  horsepower  and  sound 
calibrations  at  selected  rpm.  Calibration  limits  were  2800  rpm  or  the  start  cf 
blade  flutter,  whichever  via s  reached  first. 
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Two  calibration  runs  i/ere  made  on  each  propeller  to  assure  that  the  :o r.t 
aectevvlo  data  pcssitOo  wore  be  imp  obtained.  Calibration  data  on  the  toot 
propellers  are  fu  Aviates  in  Appendix  1.  Curves  of  corrected  horsepower  versus 
rpn  and  of  corrected  thrust  versus  rpn  are  plotted  iron  these  data  in  Figaros 
7,  O,  V  -"aid  1C .  bound  level;:,  recorded  are  presented  ii:  Table  1  and  ;.lo  ted  in 
fiyure  11.  .0  blade  flutter  vac  encountered  on  cither  projeller.  Inspection 

of  the-  props  lor:;  after  the  completion  of  the  test  propran  revealed  no  defects. 

t  \  ■■  *  -  -*T  1  <  C'  *iv  -*  TO 

n.. . .  .jj.i  j  Ui  o 


J. ;  to 

inferior 


.-.o 


.  ti  < 


A .  .floated  the  *  -  modified  propeller  to  be  sliphtly 


-■a  'i 


pro  ••oiler .  >o;/ever . 


l:  cron 00;; 


:.irs  of 


the  too  propellers,  illustrated  by  Figures  5  a.nd  4,  ray  have  accounted  for 
this,  further,  the  electric  rioter  vsrirl  rip  inaccuracy  at  relatively  low 


power  rex:  ~.o 
inconclusive 


va.r 


•  1  >.'■  •  v. 


obtained  in  this  yo;;r.v-i  >ca-c os  test  results 
'  the  sound  level  data,  as  plotted  in  Fiyure  11, 
/con  the  t".ro  ;.>ro  -•oilers. 


Ih  vice,-  of  conclusions  roan  ed  above,  it  is  currently  bein'*  planned  to 
'-edify  a  ler  x-r  dianole'1  dural  '.to  oiler  for  similar  tests. 
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Appendix  I 


H. 

P. 

DEFLECTIONS 

• 

Actual 

Corrected 

Corrected 

L.  E.  |  T.  E.  |  Angle  | 

Calibration  Data  (First  Rim) 
Floli'orp  "Standard11  Propeller 
Design  to.  72A—Jj j?> 


5-15-51 


: 

1 7,1  n 

693 

2.6 

2.7 

15.8 

131S 

1026 

6.3 

6.5 

73  £ 

• '  - 

1321 

1296 

13.6 

13*9 

110*6 

.  '  ‘  -  " 

s. 

132 4 

1596 

23,2 

25,0 

195.0 

1327 

1914 

37*3 

3S.2 

300*0 

'y  . 

1330 

2196 

66„o 

67  0  6 

35S. 3 

'  vj 

• 

1333 

2526 

109.9 

112  06' 

479.6 

•  '  '•  '*  /  .  ■  'r  '  ’/ 

i  . 

1336 

2652 

131.7 

1314.9 

536.5 

'  -•  : 

1339 

2196 

64*3 

65.9 

368.0 

•  i  ■  •■„'/  ■  '  /  ;•*  ■■  ■ . \\ 

f  ; 

13142 

2397 

O&oQ 

91.0 

1450.0 

%  .  a/:'  .  V  £7  ■  5;  id 

i  r. 

13i-5 

190C 

35-7 

36.6 

2o2  .[4 

*7.  -4v, 

1348 

1596  v 

24.1 

24.7 

212*3 

Calibration  Data  (First  Run) • 
Flottorp  Propeller 
Nemeth  Leading  Edge  Modification 


5-16-51 

;  ,  .  0930 

702 

3.4 

3.5 

10.0 

0933 

1032 

6.3 

6.5 

52.5 

5/57  0936 

13H 

6.0 

6.2 

109*5 

0939 

1602 

25.3 

25.9 

174.0 

09142 

1926 

45.4 

4606 

256.0 

09145 

2199 

74.8 

76*8 

331*0 

0943 

2397 

98*  3 

101.0 

410*0 

:  .  0951 

2610 

133*2 

136.8 

1i86*o 

•  09514 

2697 

143o9 

153.0 

5i7*o 

;  .  0957 

2199 

72.4 

74*4 

3I4O.0 

1000 

1314 

34*0 

i4*4 

114.0 

tk 
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APPENDIX  I  (cont'd) 
WHIRL  TEST  No..  2355.. 


H. 

P. 

DEFLECTIONS 

1  UIi£  *  K.  1  •  XVX . 

Actual 

Corrected 

Corrected 

L.  E.  T.  E. 

Angle 

Calibration  Data  (Second  hun) 
Plot. t or p  "Standard11  Propeller 
Design  No.  72A-^ 


K  ■ :- 

f"-  / 

r  *■ 

5-16-51 

1450 

74L 

5ol 

3.2 

3oO 

r  ■ 

1455 

1002 

4.5 

4.6 

42.8 

1456 

1505 

14*1 

14.4 

100.5 

1459 

1629 

20.1 

20.9 

187.1 

i  ,  ■ 

1502 

1876 

33.0 

34.3 

262.0 

f 

1505 

2190 

63..  5 

66.0 

369  .0 

:  , 

{  . 

150?? 

2400 

'  '  6945 

92.8 

452.0 

1  - 

1511 

2610 

121.9 

326.6 

502.0 

1514 

1926 

55.7 

57.1 

283.0 

f. 

1517 

1626 

19  08 

20.6 

192.5 

. 


' 

*  • ' 

i 

4  '  / 


v ; 


44 


Calibration  Data  (Second  Pain) 
flottorp  Propeller 
Nemeth  Leading  Edge  fJodification 


5-16-51 


1730 

7 68 

2.5 

2.6 

24.8 

1733 

999 

5.1 

5o2 

57.1 

1736 

1338 

15  o5 

15=9 

121.6 

1739 

1704 

28.4 

29.1 

201.3 

1742 

1704 

2608 

28  .0 

203.  .3 

1745 

1896 

39  oO 

40.8 

256.2 

1748 

2190 

70.5 

73.7 

342 .5 

1751 

2406 

99.1 

103.5 

428.5 

1754 

2592 

129.0 

135.0 

509.0 

1757 

2760 

159.6 

167.0 

563.0 
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TABLE  1 


Sound  Level  at  Various  rpm 
(De cite la) 


rpm  Slottorp  Standard  rpm  Ueneth  Ibdificd 


Front  View  Flottorp  Standard  Propelle 


Fig,  fr-  Front  View  Close-Up  of  Blade  -  Flottorp  Standard  Propeller 


Pig  i).  -  Front  View  Close-Up  of  Blade  -  Plottorp  Standard  Propeller 
incorporating  Nemeth  Modified  Leading  Edge 


Fig  5  -  Edge  View  of  Blade  -  Plotter?  Standard  Propeller 


of  Blade  -  Flottorp  Standard  Propeller 
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